The exocellular nuclease of Serratia marcescens has been tentatively classified as a nonspecific phosphodiesterase on the basis of its ability to depolymerize deoxyribonucleic acid, ribonucleic acid (RNA), and the polynucleotide residue remaining after digestion of RNA with bovine pancreatic ribonuclease (Eaves 'and Jeifries, 1963). The occurrence of such an unusual enzyme and its potential value in elucidating polynucleotide sequences warranted investigation of factors which affect the formation of this nuclease. In addition, it was desirable to utilize broth cultures as the source of the enzyme, since it is possible to grow S. marcescens in a semisynthetic broth without producing the caseolytic proteinase. However, methods for concentrating the exocellular nuclease from broth cultures had not been satisfactory because of the small amount of protein present. Therefore, the effect of environmental factors upon the production of the exocel- lular nuclease was studied for the purpose of increasing the amount of enzyme accumuliated in broth culture.
nuclease by Serratia marcescens occurred in the stationary phase of growth and was not associated with cell multiplication. An increase in specific enzymatic activity until the phase of autolysis suggested the selective secretion of the exocellular nuclease. The amount of enzyme accumulated was dependent upon the final pH attained by the culture medium, which was, in turn, related to the initial pH of the medium. The production of this nuclease was greatly favored by an alkaline pH.
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MATEmALS AND METHODS
The basal medium, the procedures for the determination of enzymatic activity, the definition of enzyme units, and the method for determining protein concentration were those previously described (Eaves and Jeffries, 1963) . Initial experiments employed both quiescent and shaken cultures. It was found that growth and production of nuclease were greater in the shaken flasks; hence, all results reported here are from shaken cultures which were incubated (30 C) on a rotary shaker (radius, 9 mm) operated at 111 rev/min. In addition, the use of shaken cultures allowed for the maintenance of a homogenous suspension, thus eliminating the difficulties involved when bacteria settle during the prolonged incubation of static cultures.
S. marcescens CDC 1783 was trown in basal broth for 24 hr, washed three times in 0.9% NaCl, and resuspended to contain about 160,000 bacteria per ml. Each flask, containing 50 ml of basal broth adjusted to the desired pH with 1 N NaOH or 1 N HCl and sterilized by Seitz filtration, was inoculated with 0.2 ml of the inoculating suspension (about 32,000 cells). Each 250-ml Morton-closure flask was equipped with a spectrophotometrically calibrated side arm for optical density determinations. At desired intervals, the optical density at 650 m,u was determined with a Coleman Junior spectrophotometer, and a 2-ml sample was withdrawn. The pH of each sample was determined immediately with a Beckman pH meter (model G), and the cells were separated by centrifugation at 22,000 X g for 25 min at 4 C. The samples were stored frozen until the termination of the experiment, at which time all the samples were thawed in a water bath at 30 C and dialyzed overnight at 4 to 6 C against 0. 
RESULTS
The interrelationships between bacterial multiplication, the production of exocellular nuclease, the extracellular accumulation of protein, and the change in pH during growth of S. marcescens are shown in Fig. 1 . Little or no nuclease was found in the culture medium during the logarithmic growth phase, and protein was detectable only after lysis had begun. The caseolytic proteinase produced when the bacteria were grown on basal agar was not accumulated in basal broth cultures.
The effect of the initial pH of the medium upon the production of the enzyme is shown in Fig. 2 . At values above pH 8.0, S. marcescens failed to initiate growth. The changes in the pH of the culture fluid are also included in Fig. 2 . It will be noted that the initiation of nuclease production was associated with a rapidly increasing pH. The rapid rise in pH was also associated with the late phase of logarithmic growth (Fig. 1) .
The relation of the initial pH to the amount of enzyme produced and to the maximal cell density is presented in Fig. 3 . The cell density at the time of maximal nuclease activity is also presented, since the maximal enzymatic activity The optimal cell mass resulted when cultures were started at pH 7, but maximal enzyme production occurred in the cultures initiated at pH 8.
Nuclease activity was not demonstrable in the supernatant fluid from late exponential cultures, in the cell-free extracts, or in cell-free extracts 
DISCUSSION
The nuclease produced by S. marcescens was detectable in neither the culture fluid nor the cell-free extract until exponential growth had very nearly ceased. The nuclease activity was present before appreciable protein appeared in the medium. In fact, the specific activity of the nuclease increased rapidly as the stationary phase of growth was reached, after which the specific activity began to decrease. However, the total activity continued to increase, owing to the cellular protein released as lysis proceeded (Fig. 1 ). These observations are strikingly similar to those of Nomura, Maruo, and Akabori (1956) , who reported that the active phase of amylase production by Bacillus subtilis was distinct from cell multiplication and occurred only in old cultures. In both systems, production of the enzymes proceeded in the stationary phase until autolysis began.
The changes in pH during growth were seemingly associated with the growth mechanism. The pH fell rapidly with the beginning of the exponential growth phase and reached its lowest level late in the exponential phase, after which the value increased slowly until it leveled off at a value more alkaline than the initial.
As the pH increased, the nuclease began to appear in the culture fluid. The final pH was dependent upon the initial pH, and the amount of nuclease produced was apparently pH-dependent. MIaximal cell produietion and maximal enzyme production were found in different systems; in fact, the greatest enzyme production was obtained with a lesser cell mass (Fig. 3) . Therefore, enzyme production appears to be more closely related to pH than to cell mass. Gale and Epps (1942) 
